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TORMAT-TIEHYDE CHEBIISTRY 
REVIEW OF RUS SIAN lECHHQLOGI 

The following review of Ruseian fonaaldehyde ch ^n igtry is based p(riiicj-j>aily 
on English and German abstracts of Russian articles. A few papers, which appeared 
outstanding, were studied in the original Russian by the writer. The German 
translation of Orlov's book was used in covering early studies. I. Mayor 'a 
review of the literature on formaldehyde manufacture (34) also served as a 
valuable source of information on Russian work prior to 1939, 

I. HISTORY 

Formaldehyde was first prepared by A, M. Butlerov in 1859 (8) in a study 
of coB«)ounds derived from raethylene iodide. Although he did not characterxsa 
the new product sus formaldehyde, he published an accurate description of 
formaldehyde and its polymers as well as an account of their single chemicu 
properties incTjudine production of hexamathylene tetraaine by reaction wi th 
ammonia. He regarded these compounds as derivatives of ••oxymethylene" but m ted 
that his solid "oxymethylene" polymer behaved like the unknown "fermyl alielyde". 
The true nature of formaldehyde was established in 1868 by the German chemis*' , 
Hofmann, who demonstrated its synthesis from methanol by oxidation over a platinum 
catalyst. 

The first book on formaldehyde was written by £• !• Orlov in Russia in .•.90B, 

A German translation of this book Carl Kietabl (43) was published in 1909 
("Formaldehyde, JJE.Orloff, Verlag Von Johann Abrosius Barth, Leipzig, 1909" N 
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PRODUCTION O F mAT.TlP.HTOE 
A. Methanol Process 

Kablukov (15) reported the use of platAoiaed asbestos as a catalyst 
for the preparation of fonnaMehyde from nethanol and air in 1B82. This 
was a siBjple replacement for the platinum wixe employed by Hofmann. In 
1907-8, E.I.Orlov (45,46), made a detailed study of the process as previously 
developed by German and French investigators. He measured the effect of 
vaflations in the ratio of methanol to air in the feed gases, the velocity 
of the gas current, the nature and dimensions of the catalyst mass and the 
purity of the methyl alcohol employed. He obtained his best results (approx. 

55/& yields) with the copper gauae catalyst as coapared with platinum, 
vanadium oxide and iron. This work was ased a few years later by the (.erman 
firm of F.H.Meyer in the construction of an Improved formaldehyde unit- 
Further research on the manufacturing proceee by Methodic Ivanovich 
Kuznezov (29) corroborated Gersian fi n di n gs on the superiority of silver 
catalyst. In 1913, the silver gauze catalyst was introduced in United States 
operations with Kuznezov* s patent (30). Additional processing details and 
reaction mechanism stuiies by Gurewitsch and Tschirwinskaja (14) ih W3!' 
duplicated the approximately 905& yields reported by Thomas in America un 1925. 
However, the Russian investigators concluded that the process mechanism involved 
direct oxidation of methanol as well as dehydrogenation followed by combustion 
of the hydrogen liberated by this reaction. This is still a moot que8ti*:>n. 

B. Hydrocarbon Oxldatjoa- 

Russian research on hydrocarbon oxidation processes for foimaidehyde appears 
to have been centered on methods employing methane or natural gas as raw materials. 
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Early English, French, and American investigators demonstrated the formation 
of low yields of formaldehyde by the partial oxidation of methane around 1900. 
However, the gaseous products from these procedures contained only small 
concentrations of formaldehyde. Also, the problem of scrubbing these gases 
and concentrating the dilute solutions obtained did not appear practical from 
a commercial standpoint. Ihis sUll seems to be the case and we have no 
authentic knowledge of the successful operation of a commercial process 
based on oxidation of methane or a natural gas consisting predominantly of 
this hydrocarbon. However, Y. Mayor in a French review article (34 — 

L* Industrie Chimlque, 291-2 (1939)) states that the Bussians have obtained 
a 70^ yield of formaldehyde based on methane and that the use of this proeess 
has resulted in a 50^ reduction in the price of formaldehyde. No evidence 
is given for this statement. 

S.S .Medvedev and co-workers published results of thorough studies of methane 
oxidation in the years 1924 - 1932 (35,36,37,38). A large number of solid as 
well as gaseous catalysts were investigated. Medvedev's best results (appr^ax. 

% conversions) appear to have been obtained with phosphate md borate catalysts 
(36) xising small concentrations of gaseous hydrogen chloride as a pTOnotar (38) . 
Since 1932 Medvedev has been working on problems of hydrocarbon polymerisation. 

Our most recent reference is dated 1951 and deals with styrene. Most of Medvedev 's 
papers have appeared in the Transactions of the L. Ya. Karpov Phys. Cham, Institute. 
In 1934, Tichomorowa (58) studied vanadium pentoxide as a catalyst for xht 
methane oxidation. Kreshkov (23) studied vanadium trioxide, cuprous chloride axid 
barium chloride supported on coke using a gaseou® mixture of methane containing 
chlorine and water vapor. Kreshkov' s yields averaged about 1$, Kuahnerev 
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and Shekter (27) used atomic oxygen and paaaed the gaaes through a diecharge 
tube. A atudy of the simultaneoue oxidation of methane, carbon monoxide and 
hydrogen by Sakharov and Durynina in 1946 does not indicate appreciable 
formation of formaldehyde (53) . 

IChorahev's study (see Sect. Ill) of the properties of formaldehyde 
solution Jn 1935 (20, 22) was carried out in connection with research on the 
development of Medvedev's process for the oxidation of natural gas. The raain 
objective was to discover a practical method for concentrating the diltite 
formaldehyde contaminated with hydrogen chloride. A Russian patent (21) 
covering concentrating formaldehyde by adcing calcium chloride and distilling 
at atmospheric pressure resulted from this work. Khorahev (20) states that 
this research took place at Soyua and paraformaldehyde from the Kuskovak 
Formaldehyde Plant was used to prepare the solutions for the experiments. 

The Kuskovak Plant probably employed a methanol process. 

PHISICAL PRQPElRTI^c. OF FQRM&LnRHYPR 

Mbroaov and co-workers (40) have recently calculated force constants for 
the formaldehyde molecule from the vibrational spectra of CH 2 O and CD 2 O. 

As previously noted, Khorahev and Rossinakaya (20) made a thorough stucy of the 
properties of formaldehyde solution in 1935. They were apparently the first 
investigators to use an equilibrium still for determining the partial pressure of 
boiling formaldehyde solutions. Although this type of instrument tends to gi^e 
somewhat high partial pressure values, their w>rk represented an important caBit,ribution 
to the understanding of the peculiar problems of formaldehyde distillaUon. 34 <. 
references have been found to Khorahev's work since 1935. Rossinakaya and Laites 
reported some work on sodium nucleinate in 1948 and iTolova, who worked with Khorahev 
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and Eoesluskegra on the paroblem of concentrating fonaaldehjde, reported studlesi 
vdth Ravlch on the phenol-foirmaldehyde reaction In 1953* 

IV. CHEMICAL PROPERTIES OP FQRMALIEHYDF. 

Kuznetzov (29) studied the stability of formaldehyde gas over hot copper In 
1913 in connection with his work on the development of a manufacturing process. 

Medvedev and Robinson (38) measured the rate cf decon^)osltlon at various teoperatures 
in a refractory glass tube at 450® to 700®C. Uie reaction of the free group 

vdth formaldehyde In the gas phase oxidation reaction has been studied by Avramenko 
and Lorentso (3). 

With regard to reactions of formaldehyde with formaldehyde, W. Tischenmo’s 
work on the production of methyl formate by the reaction vdilch now bears his liame Is well 
known (62) . Balezln (4) studied the formation of sugars by the aldol-type oui idensatlon 
of aqueous fo rm al d e h yde in 1947 azxd concluded that calcium oxide did not act nierely 
as a base In catalyzing this reaction but was an essential coofonent of an intermediate 
complex. 

A. Reactlona wll^ ;[p 9 rp y nl c Agents 

V.E.Tl8chenko and co~vx3rkers (63, 64 ) prepared dlbromo- and dl-lodomatliyl 
ethers by reaction of polyoxymethylene with the corresponding hydrogen halides. 

The bromo ether was also made by the reaction of phosphorus, bromine vatea and 
polyoxymethylene . 

In 1948 - 1949 , T.I.Kunin (24, 25) reported a detailed study of the madtianism 
of the decomposition of sodium formald^iyde sulfoxylate which is eiqployed as a 
reduciiig agent for stripping and dischazgiiag dyed textiles. 
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B. Reactiopg with Alcobole 

X^ubo^ and Terentyev (32) report the preparation of 2-ethyl 
propenol by reacting fonoaldehyde with a batanol soMution of sodium butylste. 

On reduction of this product, 2-inBthylbutenol was obtained as wuLd be 
expected. The primary condensation has no analogs in known formal<te>yde 
chemistry but the work seems genuine. 

The higher aliphatic chloromethyl ethers have been prepared and charao^eriaed 
by Kursanov and Setkina (26) from formaldehyde, hydrogen chloride and tae various 
alcohols using routine preparative techniques. 

C. Reactions w^ ^ ^l^^vdex 

Considerable apparently conpetent research has been carried out on the 
condensation of formaldehyde with acetaldehyde and ketones to give polyhydroxy 
coEpounds. These materials are iaportant as intermediates for aikyd resins 
and e^losives such as HBTN. 

Stepanov Shehukina (57) studied the mechanism of the reaction of 
formaldehyde aai acetaldehyde to prodxice pentaerytbritol. They auccessfuiJLy 
demonstrated the presence of beta-hydroxypropionaldehyde (HOCH 2 CH 2 CHO) as a 
reaction intermediate. Kuzin (28) discovered that small amounts of sugars 
(®«€» glucose) catalyze the formation of pentaerythritol. 

Tilichenko and co-workers have recently made a detailed study of tlie 
condensation of formaldehyde with mehthone (59), acetone (60) and cyclohexanone 
(61) . The acetone and cyclohexanone reactions have received considerai^r study 
both here and abroad. The Russians studied the factors controlling yieins of 
the sinple hydroxy conpounds and by-product resins. There is no evidence that 
outstanding yield improvements were obtained. 
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B. Reaction v dJfc Phenols 

Vansheidt and co-warkers (65, 68) have studied the mechanism of the phenol- 
formaldehyde reaction and the production of phenol alcohols. A recent 
study by Ravich and Frolova (52) deals with the same subject. There has been 
much vark in this field and the Russian studies are representative of the 
average. 

£. Reaction with Esters 

Vansheidt, Itenberg and Pazl (66) studied the preparation of methyleiie 
malonlc ester from formaldehyde and laalonic ester and investigated its 
polymerization to a colorless, thermoplastic resin. Well known techniques 
were followed and the results are not novel. A saftlsfactory process for 
preparing this material has not been published to date. 

F* Reactiqna with and Amides 

Research in this field has been devoted principally to the preparation of 
urea-formaldehyde and melaialne-foniiialdehyde resins. Petrov and co-workers 
have Russian patents covering the preparation of urea resins soluble in organic 
solvents (47) and the production of resin foams (48). Both involve carrying 
out the resin reaction at controlled, sli^tly acid pH values. The foam is 
made by beating the curing resin solution in the presence of a foaming agent. 
These procedures were patented in 1946-7 in Russia. The general procedureis are 
similar to previous U.S. and English processes. Berlin and lyumov (5) rapt^rt 
the use of a phenol-formaldehyde-dicyanodiamlde resin as a stabilizer for 
aqueous solutions of urea resins. Vaskevich and Raingach (69) mgriA an interesting 
study of the hydrolysis of urea resins on heating with acid formaldehyda in 1948. 
Their work indicates that the decouposition process is a combination of ooiloidal 
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peptization and chemical deetruction. Tt» kinetics of the iirea-formaldehTde 
reaction were studied by Kveton and Kralova in 1952 (31) . 

Vansheidt and co-workers (67) studied the aelaaine-foimaldehyde condaa; 5 ation 
in 1947 and established a relation between extent of condensation and flow of 
pressed resin powders. Preparation of molding powders with a cellulose filler 
is described. These results are not novel. 

The preparation of the diostbylol derivatives of adipaiBlde> sebac amide 
and suberamide by the standard alkali-catalyzed formaldehyde reaction wee 
described by Arbuzov and Livshits in 1948* These derivatives should be 
interesting as resin Intermediates. 

G. Bsaatioas with, Hydrocarbona 

The production of hydrocarbon resins sad diaryl methanes by direct reaction 
with formaldehyde in the presence of strong sulfuric acid was apparently 
discovered by Nastyukov in 1903 (42, 43). A German patent by this inventor, 
dated 1929 (44) covers the use of this so-called ^fornolite" reaction for 
removing aromatics and hydro-aromatics from petroleum fractions. Prior to 
Nastyukov* 8 work, Baeyer had shown in 1872 that methylene diacetate and aethylal 
gave dlaryl methaiies aoA hydrocarbon resins on reacting with aromatics and 
concentrated sulfuric acid. In 1874, Grabowski (13) demonstrated the formation 
of dinaphthylmethane from naphthalene and methylal by this technique. In j.940, 
Mcschinskaya and Globus (41) made a conyietent wnfl detailed study of this 
reaction. Their findings indicate that methanol and traces of iron salts Itave a 
strong catalytic effect on the condensation. 
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Vororozhtzov and Yuruigina (72) publiahed a study of the chlorometh^rlation 
of benzene by reaction with formaldehyde solution and hydrogen chloride ir 1931* 
I^evlous publications on the chloromethylatlon of aromatics describe the use 
of formaldehyde polymers for this purpose* Since the latter are a more eoLpensive 
form of formaldehyde, the Russlem work pointed to a more economical procedure. 

The addition of chloromethyl ethers (esc formaldehyde-'hydrogen chloride- 
alcohol reactions) to butadiene was demonstrated by Pudovlk and co-workers (50) 
in 1949. 

In I 94 B, Gorin and Charskaya (11) reported that significant amounts ef 
butadiene are formed by the reaction of formaldehyde and isopropyl alcohol. 

The reaction can be carried out with methanol as a raw material in place of 
formaldehyde by use of a mixed dehydrogenation - condensation catalyst 
(mixed Lebedev catalyst)* Earlier U.S. patents (1943~6) cover preparation 
of butadiene from propylene and formaldehyde* 

The earliest reported preparation of butynedlol from formaldehyde 
acetylene is apparently locich's synthesis involving the reaction of formaldehyde 
with the acetylene Grignard compound (73)* In 194B, Gbertsiteli (10) described 
the sYuthesls of viiyl-2-propynol from formaldehyde and vinyl acetylene presumably 
by the Reppe reaction* 

Russian research on the reaction of nitro— aliphatic s and formaldehyde includes 
Gorski and Makarov’s demonstration that the msthylolatlon of nitromethece is reversible 
(12) and Malinowski and Urbanski's synthesis of hydropyrimidine deratives from 
nltrome thane, formaldehyde and aTnmftniM ( 33 ) . 
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Chellntzov aad Makarov (9) were apparently the first to demonstrate the 
formation of 2,5-dlmetbylolpyrroles by reaction of pyrrole and N-methyl 
pyrrole with alkaline formaldehyde solutions in 1916. In 1927> Fotokhin 
(49) prepared N-methylol pyrrolidine alpha-methylol pyroUidlne and N-metnylene 
bis-pyrrolidine by heating pyroUidlne with alpha-polyozymethylene . Schmidt 
and Petrov (54» 55 ) prepared pyridine-formaldehyde resins and patented tt^elr 
process in Htxssla in 1936. Ue Imow nothing concerning the possible utility of 
these resins. 

V. 

As pxeviously pointed out> Butlerov (8) was apparently the first chemist to 
prepare h^amethylenetetramlne. This work was reported in 1859. In 1936, holosov 

(18) reported that 9£^ hexamethylenetetramine could be prepared by a gas phase 
reaction of formaldehyde and ammonia. To the best of our knowledge, a process 
of this type has never proved technically operable due to by-product formaticr. 

Klinov (17) has reported that chroms-and chrome-manganese steels as well cast iron 
contaisaing 14*5% silicon are satisfactory for use in the manufacture of hexamethylene- 
tetramine. 

Pushin and Zivadinovic (51) reported the preparation of a coll^)lex of 
phosgene and hexane thylenetetramlne in a Yugo-£>lav journal in 1936. Korostlshev'ska 

(19) attempted to develop a method of hexamethylenetetramine analysis based cn the 
formation of its tetra-iodo derivative without success. 
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A brief Journal note by Karpvikhln and Chetyrkiu In 1944 describes current 
methods of manufacturing cyclo-trlmethylene-trinltramlne (RDiX) with approx. 
nitric acid and reports that up to 55% acid can be ei] 9 >loyed with proper cools ng 
of the nitration mixture. However^ it is stated that acid consun^tion is crater 
at the higher concentrations. This Is far from representative of optimum prc cessing 
technlq^Ie8• 

Al'vin-Gutzats and co-wrkers (1) covered the preparation of aromatic hj-droxy- 
aldehydes by reaction of hexamethylenetetramine with a phenol in acid media in the 
presence of nitrosophenol, a nitroso-dialkylanillne or nitrobenzene sulfonic acid in 
1946. 

Borisek (6) described a method of differentiating varioiis types of ll^r n by 
reaction with hexamethylenetetramine in 1951. 

VI. 

Veksler (70, 71) has developed a spectrophotometric method for determlzx^ng 
formaldehyde based on the use of Schiff's reagent. Soloveichlk and Kovikova (56) 
reported a sinQ>le procedure for hydrolyzing polyvinyl formals and determinlnf the 
combined foinaaldehyde In these resins. 

VII. MI SQ filMPOBS 

Minaev and Frolov (39) have reported the modification of cellulosic fabrics 
by treatment with formaldehyde gas and a solution of formaldehyde in acetone. 

Borisek and Foloin studied the reaction of formaldehyde and lignin for 
differentiating various types of lignin (6). 
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pONCJW'RATION OF JOPMAl.rjf{>T)l S©LDTI0NS 


Haff 


JF.P. 

Cham 


Korzhev and I M, 
x-bA^ ar g.s i ^ 


Poislnskaya 
I* Oc 610-.X4 fl©3SV 


Ir. 


-OaJ?M«S|,at e_ qf The Vapo^f of ifeT^aXjJ«#iyna.8dli^ 


«« ^ The oxl.iwti '.n of hydr-ocarhonp In iiiHBy oesed g?T 9 i li 

one of the main pf'otfnats water aolurAone t.f formaldehTfie O'** ^ ■>v 
concentration and various degrees of purity. In conhaetlon 

foj* the oxidation of hjdrooff ->ns 
(methane, ethylena. sto,) the quest! ja aroee of oomrerting tl© a 
dilute formaldehyde srlxrtions obtained to commercial fcrSlia 

(chiefly acid)' and conoeatration tr 
^6-37% (formalin) or the solid form! ' nerafbnnaldehyde) 

^ -f first i ieclded to examine the pni u 

uility of fractional .Jistillatlon »© a meafas of obtaining sa#?'-- 
faotory resulted ^ ’ 


question. 


The data in the literature do not give an ananrar tt» this 


fn repd ted hf luerbaoh and Bar}>is|aai 

(1), Wilkinson and <^lbsoii ( 2 ), and •itherSt fractional distil ’ y ^ ca 
under ordinary conditions i s not a **=^tisfa<|tory method to- 00 ^ pet 

*’olutloaB slnc4 the final dietribution iS^eea 
viistAillaije end r#sid\ia 

+ V. ^ V other hand we hare ithe Information of I1.i;mei )i ( 7A 

^ by the careful fractionation of c l«f& solution of fo .Trial I t it 

obtained in if he first fraotiofae p«th| ij i 

fhi oonocnfeifted sdlutions of fomeicftf rda 

the cogent of which in 3-ndivldual fractions attained SS miB, ^ f 

P®^ ^ solutioit. Ry this method pract it tJ Iv 

all the formaldehvi a distilled leaviiri* nlmd^ nothing in tbs t'f .ifws 

ihh* 7*^? "’®^® ^pmduoe 2immerli reavats it! 

The Xi^tltute of Organic CatalyaiSr ’ The a€iparetion waa net fll‘»®ted 
{Korsh^ P P and Floror, K.A.)h Ffcwewer this did ^ 

b«c«u«e we did not otempleteily reproduee the ciiii- 
tions of the American xnveatigator, (il smaller eol^imn w«w V 3 «sd». 

Anr ho ® i ftct^owJed^d that our informiti on 

-in the distillatioTi of formaldehyde •oltitio'Tis is act wejr^ 

sb-^ienoe bf^ suffleiei^ly 'eo ar ete 

data on the partis. .. pressure of forrii idehvd^ vapors over tb# i"» u. 
tlon. (The new d#-h« of hedbury and B isir/cDver'only tJiP i^atvu 


cy „ 


(4i 
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in witii rdaesrij- ou t.fca woriciTWf up J’t • j '!♦ 

iiyd© solutions obtained by oxidlzlEui ci«pba®a by ths meth > d I F. 
M0dired«r/w0 underfcoolc th® €>iiudy of l^he oonttitntion of tiw yi|',i !'ii 
of fomaldahyd* sclut^ona ajud the B 3 *mln*bion of Bat 5 *fcifi 
preesure of th« foraaldeliydrt over siii ide operatnr# int^Tv®], 


The d9t«rxaiBation of the wmot DTassur* of foria r«ht 
was made by aneivEls of the com«titdB Ion of the TaBore of bol 1 1 ti« 
formaldehyde solution under Tarioue ) conditions of terareratur* i nd 
pressure* ^fhis metaod proTed yer'/ Uc ef u.L for the solutt ik of 1 « 
practical probiaom before us. 

io this #or]i we mede use ai toe a inaretut? of y. >> '"a 

{see fig. I)c. 

-£zi rsserrair 1 is plaoed mm aolcrslon to he t.9;it;f»h wi ! e^i 

is heated to boiling. The rapor frcii the hsated ooitbaliBar null +i 8 
tb,ro\jgh tube 2 to the refluo: eondendf-r dondensea. enl flowi enk 
to the reserroir throvigh tube 4.. Aft er tbe aoparatus nciyr 1 4 a #i •/ 
heated and the boiling becomes aonsijmt. Rtnocock: fl In tid e ? 1 « 
ciosecli wheraunoB tbe Tapors are dii^ acted mhrotigh the Imwir I ib« 

5 into the condenser and thenca into the re^jerroir 1. A yitcll 
aample of condensate is then cojieolifc' in a gredueted fr wp tH Uieh 
the 3-way stopcock 7. For determinations carried out st ntdiin i 
pressures a oorreBOono ing yacuun xauat be created In tbe f; a»K i 
which the sample is coliectad. The ii to of i ieohlegmotors rn tM 
apparatus leads to worthlesn Taruesj ParalLoi experlmeWiB gsfi 
satisfactory cheeks. 

It is nea-ess 'iry t-o roint- -xit seTerai difficiema: as £i 
the apparatus* The tube with the gncuad-giasa lolnt In .hic^ t"* 
thermometer is susoendsd constitutes In itself a reflux u iuSite«r 
and partially condenses the forraaldSJvda ts oors. 

Precipitation on the inner (cail of Irons of 11 mid t« ;•« 
It extremely diffisuit to read the tat up erst ire* Furtbenin* fluli 
condensing here sj. Ides dov/n on the tit crEomstier end Mtt l y* 
ff.nrcury bulb ma^'' c^uae love tetnperRt'Jj * read 1 na«- 
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Proparat i on .og yo naal a atiy d.a So i P ni 

Paraforraii daiivd# froiii Uiia ftasKoifsjs i?'orDiaJ.daii 3 rtJ-* iaoio ’y 
was taken as a raw laatarlal for tJii® work. This pro d\i«t tad t 
pasty eonsistenoy. Ttia taettod of pxairtricat&on partly tiaten i fa i 
the authors cited ibove consisted ixi first this paraffi! * 

with a watef bath Jinde;? a reflux corieeiiser «t for mayaiy hoijai. 
This operation removed ail the eaBixg voiatiie portions cl ta# 
materi^c The residue polymerlzeci oji iokxy sand was then heat e i so 
50®-60® in the vacaum. after which jiA was di©poiymeii*iztd by htff ;^iig 
to 110® to 116®G* -jatching the fonuaildehyd* vapors in writer, JCOia 
this solution or fomaldehyde, pPiyiiif r was obtained again sy fioujjca 
distillation. The purified polymor fves then vaporized am shs 
foi^aaldehyde gas dissolved in watero in thJ s manner was cctaii i^a. 
a solution containing gme * of fore aid ehyKie in 100 gms. of tc n a- 

tion, from Which solutions cf other it onoenti-ations were ottsiii* i. 

For carrviM out eomparatlf* e ueteimi nations we t-Oa i 
16% pure formaldehyde solution prepai ed in iun analogous proctti 
from a solid polymer of formaldehyde made by oxidation of net M ref 

The forraeideayde determinations were carriee oat bv I .e 
jodimetric method of Eomiin. . 

B e suit s of ^ toro. er iii e a& * 


The oDiectiTSS sought in aui* vvorJS werei 

e.} to sxoiain the charaot* r of tae reiatloruSLaip cl I c a 
constitution of the vapors and partJi» 1 vapor pressure of joraru -eayae 
to the concentration of the solution 

hi bo CEbermne the reiao: on of temperature t.) bj;* | traiai. 
pressure of f ormeJ d ehy ae for sevex-al concwUP rat ions. 

From the resuits obtained » 3 1 ’om these experiiaeaftai c i..i a 
May be caioulated a series of other elues "to lay the fouradaiiia 
for this or other methods of studyi»K soiusions. 


■■phb resvits of the ei.perii6.*fnbs ttre given m tee lifei 4 ..bs 
and graphs. 


Ui what foiiowa ws wiiiuJBii « use of the desiigiitt lom 
ohown below: 


solution 

^vapors 

p 


* Goncentrstion of formal ehyae in soiutiuii iisWi 

* Conot^nbreiion of formal' lOhyde if vapor 

® partial pressure oi lors iaiaaiijda m m.xu, ol j:' . 

*■ Bcrmti pressure 

^ belling point of soiutl a in degrees a (5*-«bi,5 
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, . 'ttg'Uj'e 2 l.A siicma r ■i.'kf’tfiot’ C'f th# 

of tiha rapur tc "bti-e ooncaBfe.ralilL - a of Ahe st'l'u.'tloii .irli 1sh» boi; 
poiiib eli t i© constante pT©8»ar« cf i auar. rln ordar t*j ao 
soma of tilt# fig ires ar© oorraot ad fa • tampfera'fettra# 

An ax'&rc«iaaly importae^ ot>a.4irTatlan la tiha faaift 'cnwi « 
for low ooacautrat ion;B tha coAti6ot ©f tha formaldahySa ia 
▼apor axcaada tha ooneanbratlon in t ie soliitlon, It.©,. 

while as the ooncentretilon Inoraasea the ihrarsa rafeioai haglifi# %€* 
pradominataf The transition point aw whiak 

lies in the interral 9 to 12^.. i i ' - - 


Let us now loos at tha bahwiouri of solwtioiis mth st- 
initial ooncantratlon greater than 1^ to ltl)« 


Since with solutions of th s concantratlon th# rapifsie era 
poorer in formeldehyd© than tha initial solution ( i 


( 




on distillation the distillate willi lossaat a lower fortLaXdelrAi<4 
conoenbratioA. Because of this thera resuita an increase of acczk 
tration of tha solution in the distl .ling flask, prorbiciiig iiii ^ltn 
an increase in the second sample of ! analyssed dlstillsfce in ©riaiiir-laen 
with the previous test. This process eoatlimes until the aaiJ bf 
the distlilation. As a result wa hare in the residue Sr aoneit#i3%ted 
solution, and the distillate posaesSas an avemge oonoentn^flva much 
lower than the initial solution although Individual flaSl 
may exceed this velue. i ; 


With solutions halow S-S**? ^or which 

‘^soliitlt»m 

have an inverse picture of nhe distlLlstlohr the first frectras us 
contain more formeidehyde than the initials solution. In the ihiatil-* 
latlon process the residue is gradudi-ly impoverishad In the itj^tilling 
flask. 


This situation is wall Illustrated by the ex^erimettUv of 
Wilkinson and Gibson ( saa Fig. 3) which oohfirm us in ottr be*i.bf 
that Auerbach was in error in his olservat ion that tiue casmsottJblon 
of the vapors of f ormaldehyde solutions of I all oonoentritlonK f irfer 
from the initial solution in possess: ng a lover oonteut of fuSaalde* 
hyde. 
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D'ateimimti'- ns of r«l«6ioii af tihfe partial praasur# »«r 
formal dahyde rapor to tamparatura war'a oaEririad out foi? taraa - 
oonoaot rational tiie fluctuation of t la concantration of tha lix iiiSLl 
solutions in the i*eia#ca of Xi. Ifor hMa eoni! antirat iona) la bdk ; 
refieoted in any t bsexTable altaratl ja of tha nurra aUKawlasi l its 
const itut ion of tiie vapor. Accord! nacly wai aF8i^n» for axamr*;.'* 'via 
points obtained with solutions of lP.vd7; 2€.£4 and S8<.ft£1l to 
averaga ooncantration, round! nfc it ar’f to the whola nuifibar 
Consequently the other oonc ant ratio ha are eleo expressed in *ii: 
approxe values 7 ^ and 17^.. * t 


F'-OBi tfe.o det-a shown in m E and in Fig.. 4, it m-i.' oe 

seen that the reailLts obtained withi ^olutifcBS of fomnaldehTdia 
various soureee Urom methane and from oomtieroial fotiaaldan.T<it 
may be considered to V'e ideiAiael. t i 

Q?he reltition of temperature to the partial prcssurtt 
of formaldehyde in 8o:i\ttion8 of varloue eobeehtratloxis may b'^ 
expressed in the following form Ifeg > » A * 8 

«» 

Pq^j Q * prensui’e of formaldehyde* rapor for a solution of m 
given f on«'Fntratlon» 

T * absolute temperature, A /i 3 •> ocnstaobs 

We fix i for all ooneentFarslone aa equal to 279U. 

A * as having the followii^ values 1 1 for B£-^ aolutiona * 
for 17^ - ISolO asid for 7^^^ - li,7Stf Curves in Fig^ 4 are coiwnsted 
from this eauation ana show good agr Bementi of the caloulatea 't-iiia 
and the experimental » 


Compprison <‘f the data ott ilned ty us with the aaajx:i:wg 
data given by LedVury & Blair ehowslthat otar data are Icwar 'iton 
the values cited from their research meesuiree in the range O 


The data of Ledbuj'y and Blair 
equation* 


agree! well with the type eapiniisLl 


Where B *» 8905 

Comperifon of the equatlGO of Ledbury and Biair ant ahe 
eqixatlon set forth by us above showh that at Mgh tampcratunsm 
(85®-100®C.) the data of Ledbtiry enl Blalri aruatt oolncide wit!i s txrs 
I assuming that the character of thel ’elatidnship found by thtiPa 
authors is preserved for high temperatures) . 

For BOivtfeion of these diet .ilatifea questions the f»tn’ 
of the isotherms for the total preehure ofi the vapor appears 
extremely important* The const ruction of these curves by pmtELmate 
data from experiments is puzzling in aonsecuenoe of the variifmLcn 
in boiling point of solutions, accor linglyi we had recourse tfi 
oeloulationr. 
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Ab was lijODvia. aboTSf the oerxiai preasur® of fcriaai. ia'r/aa 
Tapors fellow axifrielently oioeely 1 1 « forfeiula: 


,.og 


3H»0 


iii 


V9U 
w' ' 


In an a ifiG.ogous iDanuar, t.ba -rapor prasaiare of watia ♦ 
a formaldehydw Boliib ion may ba expra asad bp tha fojmulm 




a. 


ii • 




la Tablo 4 la giT«n th« ccvaoeriscn of tha foiina Tai«i»9 
and those oaloulated by the wapiriaBi formalaa^ 

The BigaificatioB A and Af for other ooaoeatretioBi ' ^ 
be oaloulated from the data aho#a ill Table* 1 and f tarthiav bv liauns 
of graphic interpolations* By auohi -i manner wa obtaia tfce fuki twine 
Talues (see Table 4)* 

Constructed on the beols of thisi ealonlatioa the m™ 

( see Fig. 5) shows clearly a mixtimuD rapori pressure for the Maoenf- 
tration ll-lSjii oorresponding howeref to the aseotroplo ml ctu ne 
This la In complete agreement with our experimental data. it 

should be observed, that the iactheriia for and 98*^# ShdWhifiti 
Figo 5 have the appearance of IsotheOTS for higher tamper at tites. 
(Otherwise the curves would have tc i xo down again at the ier«# a 
order to approach the true value for the TeBor pressttre of tfu*» 
water when * 0). 

We aJ. rerify i ndioated the p jasible sources of error iiii 
the measured temperatures* This err^r inoreasaa at iH sore ja 
consequence of the approximations of the etvplrlcal foOTjpias* ‘ ft* mt 
Is why the cited isotherms reflect oaiy the riualitatiwe aoernaiiirtT 
of the distilletion. In this ther hirrosbfciid to what we Db*ei*ra 
in reality on distillation of formaliahydef selutlona. The I’pEic ** 
dttctlon of correct ioni^ would act alt or thel fom of the ! soth»tA h. 

At the same tline they show that in t le region of low conC:^ tie 
boiling point of solutions is ohangti veryi insignifiaant l-'V 
concentration; the difference between the Tapor preflSMreMmp ♦eer.ar 
and that of the aLeotropio mixture «• .astitfetea a Talite la titti 
order of 10-16 ram. which corresponda to approx. 0*4'' te 
This oxplaixis why in our experimexAs we were unable to diaco*?!*: 
variations in boiling temp, of solut ons with eoneentrat ions sxr 
4o5S and 7*06%^ This difference ofl'^remp. corresponds te the 
variation of presEiure of 8 ram. which would< not ezoeed a ValxM ro*' 
0.3®C« and which rsculd not be measuh^d wltb rsrtainbT under 'im 
conditions of our experiments. 
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Avery i liter estixig peoulierit? saown by ^orrakrtjetiyg #. 
solixtions and already observed by Atli^rbeob >esd BO'ted by 4 ft 
a deviation froia tbe law of Konovaldv. This te shown 4 ti y.hs ■ ^ 
graphs in which the ourre of condeadftte B ia Jig, S goet hlgtlat 
than curve A while in ordinary oase4 the pheloiienon telces Dlfii 
inversely. In other words i over aoltitioas lof formal deh^/lis wfitsve 
vapor of such a composition that itd holliag ooinfe is hti^her tl*s 
the solution found in epuilibrium with it. ^ » ^ 

Another srprassion of this aBoraalr/ la ehoww by t-,he fiat 
that with distillation of eolutiona h/lth aeiaoentrsfcloh gTViatit’i then 
12^ the higher boiling couipoaeiib watsr ia darrled off pr^eri till ally 
and the mixture la enriched witli the lower Ibo ill ng compoaiei* ||f 
formaldehyde ia considered as auoh) i in ooaformity with vdiiefe * t ne 
boiling point of tbs residual mixtudh i a reduced. With to 

solutions of lower concentration than rfchare la a posniblHty 
of fractionally driving off complete) v all H>he foMialdeavrte v 14 h 
elevation of its oonc. in the fractiic n; whilia in nonaal 
mixtures with partial oressure iainln» (e.g.! HOl HjsO) in th#! 
process of distillation the corapositslon of rfcha realdusl Tnlrttt'i 
approaches that of the constant 'boiijl ng mixture. 

We think that the explanation of these axmmeliflHB 
be sought in the phenomena of polymer ization and depolyraarlzslibn 
which take place during the concent d# t ion and distllletinn of n 
formaldehyde solutions. 

The ayettm fonnaldehyde-wsrt er shonild be look ^ ureii 

not as a binary mi rture but as a so lest Ion in extreme men»^ure if 
two forms of formaldehYdei the hyd.^ted focpm methylene «ilveai 
and the polymeric form ( 0 fl.t 0 )j 5 , in aiculllbjliiiu with eeeh e>thet« 

With thi s very probable hyp othesis, the terni Slower •boiing 
fwith respect to water) component beteomea ypig^et if we apDly*lt 
with respect to the gaseous formaldehyde and, may be. to tbe : 
hypothetical methylene glycol. To the polytnar of fortteasdebydi sbae 
term is shown to be inapplicable, with thi« situation im bevf ?i 
marked deviation from the genercLl laws for binary mlxtures<^ 

To distillation complioataii by tMs picture mav be 44 1*4 
still another factor namely — time, wnlch it appears i f re it red 
for the attainment of a condition ofl eauilibrium betweert tc# M 
stated forms. 

On aocouat ot this, a reoasitlv oosiaantrsted eoivtT.loe^ 
of formaldehyde does not appear ideihieai to an *»older* cone* ^ 
solution in which the polymerization orooesB hee proceeded fultner. 
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Tn-lfi is deffl ^nst rated Lft»abH|i ly by the stwdr o i- 

the optical propertiea of forma: dabb le the gradi'ti ^ 

diaappearazice of riGlysaera after di: yfetBw- thobe «oil«t5=arf-- * 

W# shall now apply our dfita to sr liitiott of tp# fi v?i 
of the optiroiiia eoddlt i^ona for conoefer^rstj pure fortnaldahv-s ^ 
solutioas. 

With re spect to diet! ilstl of fetiiospherio 
the data obtained by us eotacide ooii^letelt with the 
of WilJciDSOja, and Jijbet'B Perm'* elre^cb the swtne rtrt'H’** 
of distillation wl lch was obeeirred b ^ theafe JinreaftificediOri 1 r »*? r» 

work., The results of such ilstJllst or erb not sstifffsciirt w M • 

practical purposes. *^he much more f I'lrorabl # data obtained bH 
Simmerli are not oirpieined oy our results bad require #f it • 
to us supplemectaiy ▼erifioatlon. i ? 

We have shown how the stet » of theiTapor objmM’e® w* W 
lower temparaturee, 

Froiu fatle H it is seen tm^n bv ieereaslog fehe “r»-?*e rt* 

«t which the solution boils, the co^,eet of foriaaldeb^de Iniiil 
rapor falls rapidly, i ; 

As at £JJ mm. and thn state of the -te.vrr*# hr 

the solution with oonfcent 9, I7, and mi Ci,0 is eTprwsaei hi f ♦ r* 
oorrospondin^ ralues C»,46^l 1.41% 8*ri 4, «0%; thus when the rj **♦ »=»?» 
is alioost atmoeoherlo the eorreapord" t\e Tttl uss eaual B, if®. " Ua oai 
and 

Henoe it fol lows that for f* nncentrition of f*ur« foi4d*-de- 
hyde solutions vacuum distlilatlon tfe^v be tudoessfuJ ly iwiifiii 
since one does not obtain hri^fhlry hoW>« filtrated distillfcte freHi • n« 
and on distilling thewater one obtatne a cdneenbrated fo-^pl ybf a* 
solution in th# residue. i i r 


The higher the raounm the li eas the leas of forr»sifl#f i 
in th© form of wesicly concenfersted Pt* distillate. 


For oalottiation may be u»4i- the Sodtref— atcted ap'rdfij*.! 
formu3.a for the partial pressure of Irormel dehvde and a- «%«*”. i t' 
traoting one axoressioB from the othrr we dbtaln b* 


,-log Pf'' -J rt 
Ill -i 


1 - A* 


:i? ’ll 
> 


The 'Values A and a* f for "fV T*inhld4b'yde and wate"!*^ * 
be taken frora Table 4. For transit ix n fpoiei ^e ratio* o-r rerH 
pressures to cone,, of ellstlJlate flti i) foil Table oemnoti ! 
by us on the foundation of the above cited Itsafcierlmeiitil rffita.. i = 
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1081, 1903.. ^ ^ ' 

So Wllkinsoa Olbaoa.- Aff-arr Soe • 43 . ggis. 1921, 

5c. Ziinmerli, In^l, ik fing, Oliecu 5«4. 0 927^ 

Blair dt Ladbar-/. Jinn, 127^ 2 $. ^352, 

5 o S» Sc Madvaderr •» iioi lac&ad work! of libi* Ob#T?3i(3gi 
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la 1931, ' Maga?4.na. "Ns%ar©l G-aliae, ** li-i, 4 - 3 ,-^ "Po F- ofn-}s.«-» ' 

"ImproTemeate of aheini«%ry»^ (U. 6 . 3 ,‘R.Ji (i»0hf»mle«3rFr<*3*afi‘^ < 

Yolo 1, 318 (iOSSi ref« 

So To Ac Kireev aad A, A. Poaov, Joer a, of* April ad OM^ =/ n v*” ' 

2^ 489 (1934). ‘ ‘ 

?o Wadaao. Troguji b:. Haas* Ber. 147* 17i. 1934, 
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Gibson), figures on curves indicate concn.i-f solru distilled. 
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